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Overview	
  
•  Sequencing	
  technology	
  changes	
  
•  Plant	
  reference	
  genomes	
  
•  Sequence	
  based	
  tools	
  for	
  interroga8on	
  of	
  
reference	
  genomes	
  

•  Plant	
  databases/computa8onal	
  analysis	
  
plaPorms	
  

•  Bioinforma8cs	
  landscape	
  
•  Controlled	
  environment	
  phenotyping	
  and	
  
analy8cs	
  

•  Where	
  we	
  need	
  to	
  go	
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Sanger	
  sequencing	
  (3730xl	
  2002)	
  
•  Integrated	
  robot	
  loader	
  and	
  

plate	
  piercer	
  –holds	
  24	
  plates	
  
•  2	
  hour	
  run	
  8me	
  per	
  96	
  samples,	
  

800	
  bp	
  reads@	
  ~900k	
  bps	
  per	
  
day	
  –	
  ran	
  una`ended	
  

•  $937,500	
  per	
  GB	
  
Recombinant DNA:  Genes and Genomes (3e) 
© 2007 W. H. Freeman and Company 
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Polyploidy & Polymorphism 

Photo: John Caveny 

Photo: NREL 

MECHANISMS THAT DRIVE  
PLANT EVOLUTION! 

33% 47% 44% 46% 34% 
GC 

Repeat content & Transposons 
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BAC	
  reference	
  genomes	
  

Recombinant DNA:  Genes and Genomes (3e) 
© 2007 W. H. Freeman and Company 

Recombinant DNA:  Genes and Genomes (3e) 
© 2007 W. H. Freeman and Company 

1994	
  AD:	
  2,066	
  
markers;	
  Gyapay	
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WGS	
  references	
  
•  Sequence	
  the	
  whole	
  genome	
  at	
  once	
  using	
  

mul8ple	
  sized	
  libraries	
  
•  Calculate	
  all	
  overlaps	
  between	
  reads	
  and	
  

then	
  work	
  out	
  a	
  parsimonious	
  path	
  
through	
  the	
  data	
  set	
  

	
  
•  WGS	
  benefits	
  

–  Small	
  number	
  of	
  good	
  subclone	
  libraries	
  
needed	
  

•  Short	
  Subclone	
  (3-­‐4kb)	
  
•  Medium	
  Subclone	
  (6-­‐9kb)	
  
•  Long	
  Fosmid	
  (32-­‐36kb)	
  
•  Longer	
  BAC	
  (100-­‐160kb)	
  

–  No	
  mapping	
  phase	
  
–  Less	
  complex	
  pipeline	
  

•  WGS	
  drawbacks	
  
–  Inconsistent	
  genome	
  coverage	
  
–  Difficult	
  to	
  assess	
  quality	
  
–  Laborious	
  post-­‐produc8on	
  phase	
  
–  Don’t	
  know	
  what	
  you	
  have	
  8ll	
  you	
  are	
  done	
  

Genome	
  Res.	
  2002	
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NGS	
  “reference”	
  genomes	
  
•  Sequence	
  fragments	
  of	
  short	
  inserts	
  of	
  

varying	
  sizes,	
  recombina8on	
  pairs,	
  
collapse	
  very	
  large	
  data	
  set	
  into	
  consensus	
  

•  NGS	
  benefits	
  
–  No	
  cloning	
  
–  Data	
  collec8on	
  is	
  inexpensive	
  
–  Sequence	
  is	
  high	
  quality	
  

•  NGS	
  drawbacks	
  
–  Biases	
  with	
  whatever	
  technology	
  is	
  used	
  
–  Difficult	
  to	
  assess	
  quality/completeness	
  
–  Tend	
  not	
  to	
  include	
  long	
  pairs,	
  mapping	
  

informa8on,	
  valida8on	
  
–  Lots	
  of	
  con8gs,	
  low	
  repeat	
  content,	
  complex	
  

to	
  use	
  in	
  prac8ce	
  
–  Difficult	
  to	
  improve	
  with	
  directed	
  means	
  
–  Fragmented	
  

Computa8onal	
  solu8ons	
  for	
  omics	
  data	
  
Bonnie	
  Berger,	
  Jian	
  Peng	
  &	
  Mona	
  Singh	
  
Nature	
  Reviews	
  Gene8cs	
  14,	
  333–346	
  (2013)	
  doi:
10.1038/nrg3433	
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Sequence based tools for 
interrogation of reference 

genomes 
(
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Medicago	
  truncatula	
  

Resequencing	
  for	
  SNP/indel	
  iden8fica8on	
  
•  Collect	
  DNA	
  from	
  cul8vars,	
  

breeding	
  popula8ons,	
  make	
  
frag	
  libraries,	
  resequence	
  

•  15	
  x	
  of	
  inbred	
  sorghum	
  =	
  14	
  
Gb,	
  $1,000	
  (detect	
  
homozygous	
  changes)	
  

•  30x	
  of	
  outbred	
  sorghum	
  =	
  	
  
$1,800	
  (detect	
  heterozygous	
  
changes)	
  

•  Lower	
  coverage	
  for	
  pedigree	
  
typing	
  2x	
  =	
  $200	
   Branca	
  2010	
  PNAS	
  

Poplar	
  -­‐	
  Phytozome	
  12	
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Dense SNPs 
across 

population 

#CHROM !POS !REF !201782_400122 !201782_400194
!201782__400495 ...!

Chr01 !4 !C !C/C !C/C !C/T !!
Chr01 !5 !A !A/A !A/A !A/A !!
Chr01 !7 !ACCCC !ACCCC/ACCCC !ACCCC/ACCCC !ACCCC/ACC!
Chr01 !18 !A !A/A !A/A !A/A !!
Chr01 !20 !A !A/A !A/A !A/A !!
Chr01 !21 !C !C/C !C/C !C/C!
Chr01 !22 !C !C/C !C/C !C/C !!
Chr01 !23 !C !C/C !C/C !C/C !!
Chr01 !24 !CAAA !CAAA/CAAA !CAAA/CAAA !CAAA/CAAA !!
Chr01 !34 !ACCCC !ACCCC/ACCCC !ACCCC/ACCCC !ACCCC/ACCCC!
....!

Detailed 
phenotyping 

!"##%&9*0;62h&ACiqOHB'@&
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991 lines in the 
population 

7 lines 
0.71% of population 

15 lines    
1.51% of population 

969 lines 

Mutation in 
Paralog 1 

Mutation in 
Paralog 2 
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Maeda et al. 2012 
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RNA-­‐seq	
  data	
  displays	
  

Phaseolus	
  vulgaris	
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Histone	
  modifica8ons	
  

h`p://www.roadmapepigenomics.org	
  

Long	
  range	
  fiber-­‐fiber	
  
interac8on	
  

Short	
  range	
  internucleosomal	
  
interac8ons	
  	
  

Nucleosome	
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5mC	
  methyla8on	
  is	
  likely	
  important	
  for	
  crops!	
  

•  Bisulfate	
  sequencing	
  for	
  bp	
  resolu8on	
  or	
  
Reduced	
  Methyla8on	
  Assay	
  for	
  broad	
  picture	
  

•  Inherited	
  methyl	
  states	
  affect	
  transcrip8on	
  	
  

Methyla8on	
  comp.	
  between	
  diploid	
  Panicum	
  
hallii	
  and	
  tetraploid	
  Panicum	
  virgatum	
  
Tom	
  Juenger	
  :	
  UT-­‐Aus8n	
  

Schmitz,	
  GR,	
  2013	
  	
  

Glycine	
  max	
  (soybean)	
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ChIP-­‐Seq	
  in	
  plants	
  
•  Use	
  an8bodies	
  to	
  iden8fy	
  posi8ons	
  in	
  a	
  
genome	
  where	
  a	
  specific	
  transcrip8on	
  factor	
  
binds	
  

Shamimuzzaman,	
  2013	
  BMC	
  Genomics	
  

Glycine	
  max	
  (soybean)	
  :NAC	
  transcrip8on	
  factor	
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Histone	
  modifica8ons	
  in	
  plants	
  
•  Iden8fy	
  histone	
  modifica8ons	
  

using	
  ChIP-­‐Seq	
  
•  Index	
  ac8ve	
  genes,	
  repressed	
  

genes,	
  silent	
  repeat	
  elements	
  
and	
  intergenic	
  regions.	
  

Roudier,	
  EMBRO,	
  2011	
  

Arabidopsis	
  thaliana	
  

21	
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JGI:	
  Phytozome	
  Portal	
  

Data	
  and	
  Analyses	
  available	
  in	
  v10	
  
	
  

●  46	
  annotated	
  plant	
  and	
  algal	
  genomes	
  

●  Protein	
  families	
  constructed	
  at	
  	
  

●  InterPro/KEGG/KOG	
  proteome	
  annota8on	
  

●  natural	
  diversity	
  data	
  for	
  Ptr,	
  Egr,	
  Bdi	
  

●  expression	
  data	
  for	
  Cre,	
  Pvu,	
  Gma	
  
	
  

Phytozome	
  Features	
  
●  Genome-­‐centric,	
  gene-­‐centric,	
  family-­‐

centric	
  search	
  and	
  visualiza8on	
  
●  JBrowse	
  genome	
  browsers	
  
●  InterMine	
  queryable	
  data	
  warehouse	
  
●  Searchable	
  by	
  sequence	
  similarity,	
  GO/

PFAM/KEGG/KOG/PANTHER,symbol,	
  
iden8fier,	
  keyword,	
  

●  Custom	
  user	
  lists,	
  data	
  downloads	
  
●  Programma8c	
  data	
  access	
  via	
  web	
  

services	
  API	
  	
  and	
  mul8-­‐language	
  client	
  
libraries	
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Exploratory Tools and 
Statistical Models

Genetic Variation

Association Studies

Phenotypic Variation

Metabolic Models

!
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Higher Biomass

Better Sugar Release

Better Stress Tolerance

Molecular Profiles

Co-Expression Networks
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PI: Doreen Ware (CSHL) 
Co-PI: Pankaj Jaiswal (Oregon State U) 

Genome Browsers&

40 Species 

Annotation& Gene trees & orthology&

Comparative maps&
Variation & effect prediction&

Collaborator: Paul Kersey (EBI)&

Includes Rice, Maize & Arabidopsis&

Pathways&

10 species “Cyc” 
metabolic pathways&

Plant Reactome 
Rice curated pathways 
Maize & Arabidopsis 

projections 

Collaborator: Lincoln Stein (OICR)&

Funded by NSF #0703908 

Gramene services & programmatic access: 
BLAST, BioMart, API,  RESTFUL, MySQL 
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A	
  systems-­‐level	
  analysis	
  of	
  drought	
  and	
  density	
  response	
  	
  
in	
  the	
  model	
  C4	
  grass	
  Setaria	
  viridis	
  

	
  
Tom	
  Brutnell	
  (PI);	
  Co-­‐PIs	
  Andrew	
  Leakey,	
  Asaph	
  Cousins,	
  Ivan	
  Baxter,	
  Todd	
  Mockler,	
  Jose	
  Dinneny,	
  Sue	
  Rhee,	
  Dan	
  Voytas,	
  Hector	
  Quemada	
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•  1200	
  plant	
  capacity	
  
•  The	
  first	
  non-­‐commercial	
  

high-­‐throughput	
  plant	
  
phenotyping	
  facility	
  in	
  the	
  US	
  

•  Imaging	
  and	
  sonware	
  enable	
  
daily	
  measurements	
  of	
  
growth,	
  3D	
  architecture,	
  
biomass	
  accumula8on,	
  
fluorescence	
  and	
  infrared	
  
signatures.	
  

Danforth’s	
  controlled-­‐environment	
  phenotyping	
  facility	
  

Conviron	
  Growth	
  House	
   Imaging	
  Loop	
  
FLU	
   VIS	
   NIR	
  

Da
rk
	
  A
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a.

on
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Controlled	
  environment	
  phenotyping	
  enables	
  coupling	
  
physiological	
  analysis	
  and	
  ‘omics	
  profiling	
  to	
  understand	
  plant-­‐

environment	
  interac.ons	
  and	
  effects	
  on	
  growth	
  and	
  yield	
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Imaging:	
  	
  
	
  
biomass	
  

NIR	
  
Imaging:	
  	
  
	
  
water	
  
content	
  

Quan.fying	
  effects	
  of	
  drought	
  on	
  Setaria	
  viridis	
  growth,	
  development,	
  and	
  physiology	
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•  Sequencing	
  technology	
  and	
  bioinforma8cs	
  are	
  well	
  established	
  –	
  and	
  not	
  
a	
  real	
  limi8ng	
  factor	
  now	
  (but	
  should	
  be	
  8ghtly	
  integrated	
  into	
  
improvement	
  efforts).	
  

	
  
•  For	
  some	
  poten8al	
  target	
  species,	
  exis8ng	
  ‘omics	
  resources	
  are	
  significant	
  

but	
  insufficient.	
  Sequence	
  data	
  acquisi8on	
  is	
  s8ll	
  needed	
  (diversity	
  
collec8ons,	
  understanding	
  epigenomic	
  impacts).	
  

•  For	
  example,	
  exis8ng	
  gene	
  expression	
  profiling	
  resources	
  in	
  sorghum	
  limit	
  
the	
  quality	
  and	
  u8lity	
  of	
  gene	
  network	
  models	
  that	
  can	
  drive	
  hypothesis-­‐
driven	
  allele-­‐specific	
  breeding	
  strategies.	
  

•  Investment	
  in	
  data	
  organiza8on/coordina8on	
  and	
  integra8on	
  is	
  needed	
  in	
  
specific	
  crops	
  –	
  generic	
  databases	
  don’t	
  address	
  this	
  issue	
  for	
  specific	
  
crops	
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•  More	
  plant	
  phenotyping	
  data	
  needs	
  to	
  be	
  acquired	
  in	
  order	
  to	
  inform	
  the	
  
development	
  of	
  improved	
  analy8cs.	
  

•  It’s	
  not	
  all	
  about	
  image-­‐based	
  phenotyping	
  -­‐	
  molecular	
  phenotypes	
  ma`er	
  
(e.g.	
  gene	
  expression,	
  metabolomics).	
  

	
  
•  Algorithms	
  and	
  sonware	
  are	
  needed	
  to	
  automa8cally	
  extract	
  and/or	
  

derive	
  digital	
  plant	
  phenotypes	
  from	
  large,	
  typically	
  image-­‐based	
  datasets.	
  

•  Hyperspectral	
  imaging	
  seems	
  to	
  have	
  great	
  promise	
  –	
  but	
  we	
  don’t	
  have	
  
off-­‐the-­‐shelf	
  hyperspectral	
  profile	
  models	
  that	
  correlate	
  with	
  key	
  plant	
  
traits.	
  

•  Robust	
  packages/pipelines	
  and	
  communi8es	
  of	
  users	
  are	
  needed	
  to	
  drive	
  
standardiza8on.	
  

•  Investment	
  in	
  data	
  organiza8on/coordina8on/cura8on	
  and	
  ongoing	
  
integra8on.	
  	
  




